Background and Objectives: A prolonged heart rate-corrected QT interval (QTc) is known to be related to an increased risk of coronary artery disease (CAD) and sudden cardiac death, while the carotid intima-media thickness (IMT) is related to CAD. We sought to evaluate the relationship among the QTc, the carotid IMT and the severity of CAD. Subjects and Methods: The QTc and the carotid IMT were measured in 165 consecutive patients who underwent coronary angiography. The measurement of the QTc was done automatically by a digital QT Guard
Introduction
A prolonged QT interval is known to be related with an increased risk of ventricular arrhythmias, coronary artery disease (CAD) and sudden cardiac death. [1] [2] [3] [4] [5] [6] [7] [8] [9] Thus, the QT interval may help to stratify the cardiovascular risk in the general population, yet the etiology of a prolonged QT interval is still poorly defined. Myocardial atherosclerotic disease may be another potential etiologic factor that contributes to QT interval prolongation.
10)11)
Carotid intima-media thickness (IMT) is a noninvasive surrogate of atherosclerosis and this is increased in those patients who are at risk for cardiovascular disease and also in those patients with atherosclerotic disease such as CAD. [12] [13] [14] We performed this study to evaluate the association of the QT interval with the severity of atherosclerosis, which was determined by performing carotid ultrasonography and coronary angiography in CAD patients.
Subjects and Methods

Patients
The study patients consisted of 165 consecutive patients who had at least 30% luminal stenosis, according to the coronary angiography, and it was not related with the electrocardiogram that did or did not show bundle branch block. The baseline demographic, clinical and angiographic characteristics were examined for all the patients enrolled in a registry.
Hypertension was defined as a blood pressure ≥140/ 90 mmHg or the use of antihypertensive medications.
Diabetes was defined as a fasting glucose level of ≥126 mg/dL, a non-fasting glucose level of ≥200 mg/dL, a reported history of diabetes or the current use of diabetes medication. Dyslipidemia was defined as a total cholesterol level ≥200 mg/dL or the use of medication for dyslipidemia.
Electrocardiography
All the standard 12-lead electrocardiograms (MAC 5000, Hewlett Packard Company, Andover, MA, USA) were recorded at a speed of 25 mm/sec and a calibration of 1 mV/mm during waking hours one to two days before catheterization. The measurement of the QT interval and the corrected QT (QTc) interval was done automatically by a digital QT Guard TM system (GE, Marquette Medical Systems, Milwaukee, USA). The QTc interval was calculated automatically by using the Bazzet formula.
The QTc interval was divided into four groups. The lowest quartile was the QTc interval ≤404 ms (n=41, 24.8%, mean value: 396.7±6.6 ms), the second quartile was 404 ms <QTc interval ≤412 ms (n=41, 24.8%, mean value: 408.3±2.2 ms), the third quartile was 412 ms <QTc interval ≤425 ms (n=39, 23.6%, mean value: 418.2±4.0 ms), and the highest quartile was the QTc interval >425 ms (n=44, 26.6%, mean value: 452.1± 41.2 ms).
Carotid artery scanning for measuring the carotid intima-media thickness
Carotid artery scanning was performed 1 day before or on the day of the coronary angiography. A sonographer who was unaware to the clinical information of the study subjects measured the mean carotid IMT using high-resolution ultrasonography (Hewlett-Packard Sonos 5500) with a 7.5-MHz probe and M'ATH software (version 2.01, METRIS Co., Argenteuil, France). This M'ATH software measures semiautomatically the carotid IMT. The computerized detection technique is 4 times more precise than ordinary calliper measurements for determining the carotid IMT.
Briefly, the method for the measurement of the carotid IMT is as follows. The study subject was requested to lie supine, with head extended, in a dark air-conditioned room. First, the left common carotid artery was scanned longitudinally, and then the image was controlled by adequate gain control and depth control. The depth control was fixed during the whole analysis to set the calibration. The gain control was adjusted according to the carotid artery image in order to obtain clear delineation of the intima, media, and adventitia layers of the carotid artery far wall. The image was captured digitally after a clear image of the carotid artery was obtained; the mean IMT value was then calculated using M'ATH software. If the quality index (the ratio of the detected pixels to the total pixels in a given length) was 0.60 or more, then the IMT was measured over at least a 1 cm length of the common carotid artery and at a point 1 cm proximal to the carotid bulb.
Coronary angiography
Coronary angiography was performed according to the standard technique, with a Judkins catheter placed through the femoral artery. No complications developed during the procedure in any of the subjects. We defined CAD as the presence of at least 1 major epicardial coronary artery with more than 30% stenosis of its diameter. Coronary angiograms were analyzed visually in at least 2 views. Angiographic grading was performed by a cardiologist and an experienced radiologist, and both of whom were "blinded" to the carotid artery IMT results. The number of stenosed artery was the number of the epicardial arteries with luminal stenosis more than 50%. The severity of CAD was assessed according to the following criteria; minimal (minimal disease), one-vessel disease (1VD) and multi-vessel disease (MVD).
Statistical analysis
All the analyses were performed with SPSS (version 12.0; SPSS Inc., Chicago, Illinois). The values are expressed as means±SD. Discrete variables are presented as group percentages. We used χ 2 tests, independent t-tests and ANOVA testing to compare the groups according to the variables. Pearson bivariate correlation analysis and stepwise multiple regression analysis with a backward elimination procedure were performed to discriminate the variables that were related to the QTc interval. The variables correlated with the QTc interval with a p≤ 0.05 were entered into multiple regression analysis. Statistical significance was inferred at a p of ≤0.05.
Results
Patient characteristics (Table 1, 2)
The study population consisted of 165 consecutive patients (88 men and 77 women, mean age: 59.8) with angiographically proven CAD.
Correlation between the QTc interval and the carotid intima-media thickness
The QTc interval had significant positive correlation with the right (r=0.174, p=0.026) and left carotid IMT (r=0.178, p=0.022) ( Table 3 ). Yet on multiple linear regression analysis after adjusting for age, high density lipoprotein (HDL) cholesterol and the left ventricular (LV) ejection fraction, there was no positive association between the QTc interval and the right and left carotid IMT (p=0.116, p=0.175, respectively) ( Table 4) .
For the right carotid IMT, the IMT of the third quartile of the QTc interval was thicker than those of the first and second quartiles (p=0.009, p=0.012, respecti-vely). For the left carotid IMT, the IMT of the third quartile of the QTc interval was also thicker than those of the first and second quartiles (p=0.004, p=0.003, respectively). The carotid IMT of the forth quartile of the QTc interval was thicker than those of the first and second quartiles (p=0.007, p=0.004, respectively) (Fig. 1) .
Correlation between the QTc interval and the severity of the coronary artery disease
The QTc interval was significantly positively correlated with the severity of the CAD (r=0.243, p=0.002) ( Table 3) . Multiple linear regression analysis, after adjusting for age, the HDL cholesterol level and the LV ejection fraction, revealed a positive association between the QTc interval and the severity of the CAD in an independent fashion (p=0.040) ( Table 4) .
According to the quartile of the QTc interval, the severity of CAD was higher in the fourth quartile than that in the first and second quartiles (p=0.005, p=0.003, respectively) (Fig. 2) .
The mean value of the QTc interval was longer in the MVD than the minimal disease group and the 1 VD group (p=0.000, p=0.001, respectively) (Fig. 3) .
Discussion
The main findings of this study are: 1) The QTc interval was positively correlated to the carotid IMT in a non-independent fashion. 2) The QTc interval was significantly associated with the severity of the CAD.
Previous studies have found that the QTc interval has prognostic value that is independent of other cardiovascular risk indicators such as cigarette smoking, hypertension, the lipid profile, the body mass index and diabetes in the elderly, 4) and a prolonged QTc interval is a risk factor for all-cause mortality, sudden death and cardiovascular disease. [1] [2] [3] Yet there are ethnic differences in the QT interval and the mortality rate of CAD. Mansi et al. 15) reported that there is no difference in the QTc interval between Easterners and Westerners. Grandinetti et al. 3) reported that prevalence of a prolonged QTc and the mean QTc interval were significantly higher among Asians and Hawaiians when compared to Caucasians. Easterners have a lower mortality rate from CAD than do Westerners. 16) In a Japanese population study, Nakanishi et al. 17) reported that a prolonged QTc was a marker for high risk for all-cause mortality and mortality from heart disease or from CAD after adjusting for other CAD risk factors. A prolonged QT interval is currently known to be related with the risk factors for cardiovascular disease and cardiovascular mortality.
With regards to carotid IMT, an increased carotid IMT is regarded as an early sign of atherosclerosis. The IMT increases if the vascular walls are exposed to cardiovas- cular risk factors such as age, dyslipidemia, hypertension and smoking. 12) The reduction of the cardiovascular risk factors inhibits the progression of increases in the IMT. Determining the carotid IMT is a useful screening test for predicting significant CAD and for differentiating the high risk patients, 13) and an increased carotid IMT is correlated with the severity of CAD.
18)19) Many other studies have suggested that the QT interval and the carotid IMT are related with the risk factors for CAD. So, we sought to determine the relationship between the QT interval and the carotid IMT. There have been several reports about those associations. Festa et al. 20) reported that there is a significant relation of the QTc interval to carotid atherosclerosis in non-diabetic subjects, so the QT interval may serve as a marker for subclinical atherosclerotic disease. Takebayashi et al. 11) reported that the QTc interval is significantly correlated with the carotid IMT in patients with type 2 diabetes (r=0.7206, p<0.0001). In our study, the QTc and the quartile of the QTc was related with the carotid IMT in a non-independent fashion.
The QT interval is related with the carotid IMT and this might be primarily caused by coronary atherosclerosis.
11) The carotid IMT is correlated with the severity of CAD.
18)19) So, we formed a hypothesis that the QT interval will be related with the severity of CAD. The result was that the QTc interval was correlated with the severity of CAD and the severity of the CAD was higher in the fourth quartile of the QTc interval than that in the first and second quartiles.
Our result showed that the QTc interval was related with the carotid IMT and the severity of CAD. We suggest that prolongation of the QTc interval, thickening of the carotid IMT and the severity of CAD may be the result of a common etiology, for example, atherosclerosis. The QTc interval may therefore serve as a marker for the severity of atherosclerosis. There is currently no report about the direct mechanism that allows coronary atherosclerosis to prolong the QTc interval. However, there are some suggestions that a common gene might exist that modifies both the atherosclerotic process and the repolarization abnormalities and so results in a prolonged QT interval. 10) Further studies are needed to evaluate whether subjects with a prolonged QTc represent the highrisk patients and if they need to be tested to evaluate the severity of their atherosclerosis. The limitation of this study is the relative small size of the study population.
In summary, the QTc interval is positively correlated to the carotid IMT in a non-independent fashion and it is significantly associated with the severity of CAD. This result suggests that repolarization abnormalities may reflect the severity of the morphologic atherosclerotic surrogates.
